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(57) ABSTRACT 

Correspondence Address: A scanning apparatus comprises a laser source adapted to 
HONEYWELL/MARJAMA emit a beam along an axis and illuminate a target, a detector 
Patent Services adapted to receive light of varying intensities scattered from 
101 Columbia Road, P_O_B0X 2245 the target and convert the light into a signal, and a controller 
Morristown, NJ 07962 (Us) operatively associated With the detector for receiving the 

signal from the detector and decoding the signal. A focusing 
(73) Assi nee Hand Held Products Inc apparatus comprising a deformable lens element in optical 

g ' Sk t 1 F 11 NY’ (Us; communication With the laser source has a deformable sur 
anea 6 es a S’ face, at least part of Which transmits the beam. The deform 

able lens element de?nes an index of refraction difference 
(21) APP1- NOJ 12/432,517 With an index of refraction of an adjacently disposed sub 

stance. In one embodiment the index of refraction difference 
(22) Filed: Apr. 29, 2009 is greater than 0.30. 
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LASER SCANNER WITH DEFORMABLE 
LENS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the ?eld of opti 
cal scanning systems for reading indicia, and more particu 
larly to a variable focus distance lens assembly for increasing 
the Working range of an optical scanning system. 

BACKGROUND OF THE INVENTION 

[0002] Various optical scanning apparatuses have been 
developed to read and decode optical indicia, such as bar code 
symbols on a target such as a label. While early bar code 
scanners Were designed to read symbols at a relatively close 
distance, there exists a need to read symbols at greater and 
greater distances, for example in Warehousing environments. 
Conventional optical scanning systems, such as hand-held 
bar code laser scanners, typically have a limited Working 
range due to the constraints imposed on the optical assembly. 
MotoriZed systems With additional lenses or mirrors have 
been developed to reposition the ?xed lens assembly along 
the optical path, thereby moving the laser beam Waist and 
increasing the Working range of the scanning apparatus. 
HoWever, such improvements are complicated and add cost. 
[0003] For example, US. Pat. No. 4,916,318 discloses a 
polygon mirror mounted to a rotating shaft that de?ects a laser 
beam emitted from a laser source to the target to be scanned. 
In the scanning apparatus there is a ?xed projecting lens 
disposed betWeen the laser source and the polygon mirror. An 
optical member, such as a plane parallel plate, is moved in and 
out of the beam of the laser source to change the beam Waist 
of the laser beam. Several drawbacks to this system exist. The 
mechanical components required to move the plane parallel 
plate in and out of the beam are complex, having many mov 
ing parts connected by pulleys, belts and the like. Another 
draWback is that the Working range is limited to the thickness 
of the plane parallel plate. Also, the system is not compact, 
and is therefore ill-suited for use in a hand-held apparatus. 
[0004] In another example, US. Pat. No. 5,302,812 dis 
closes a scanning apparatus that varies the range of a laser 
beam Waist by moving the ?xed convex lens assembly. The 
?xed lens is moved longitudinally along the optical axis by 
activation of magnetic coil. The scanning apparatus includes 
a lens support member supported on a pair of leaf springs so 
that it can oscillate longitudinally along the optical axis. 
Permanent magnets are also supported by the leaf springs. 
Movement of the ?xed lens is achieved by varying the 
strength of the ?eld generated by the magnetic coil. Like the 
scanning apparatus disclosed in US. Pat. No. 4,916,318, this 
system is complex and adds cost to the scanning apparatus. 

SUMMARY OF THE INVENTION 

[0005] In vieW of the background, it is therefore an object of 
the present invention to provide a scanning apparatus that 
includes a laser source, a focusing apparatus having a deform 
able lens element, and an actuator. 
[0006] It is another object of the present invention to pro 
vide a scanning apparatus With an extended range of focus 
lengths, thereby alloWing a user of the apparatus to decipher 
symbol characters such as bar codes at a greater range of 
distances than previous scanning apparatuses. 
[0007] It is a further object of the invention to provide a 
focusing apparatus adapted to vary a focus distance betWeen 
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a minimum focus distance and a maximum focus distance. 
According to an embodiment of the invention, the distance 
betWeen the minimum focus distance and the maximum focus 
distance is greater than thirty feet. 
[0008] According to an embodiment of the invention, the 
actuator is adapted to impart a force to the deformable lens 
element, the force being in a direction substantially parallel 
With the axis of a laser beam emitted from the laser source. 
[0009] According to another embodiment of the invention, 
a deformable surface of the deformable lens element is con 
?gured to deform in a direction opposite the direction of the 
imparted force. 
[0010] It is a further object of the invention to provide a 
focusing apparatus having a deformable lens element de?n 
ing an index of refraction difference With an index of refrac 
tion of an adj acently disposed substance, Wherein the index of 
refraction difference is greater than 0.30. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The novel features that are characteristic of the pre 
ferred embodiment of the invention are set forth With particu 
larity in the claims. The invention itself may be best be under 
stood, With respect to its organiZation and method of 
operation, With reference to the folloWing description taken in 
connection With the accompanying draWings in Which: 
[0012] FIG. 1 is a schematic diagram shoWing in cross 
section a variable lens element of the prior art; 
[0013] FIG. 2 is a perspective exterior vieW of a scanning 
apparatus according to an embodiment of the invention; 
[0014] FIG. 3 is a schematic diagram shoWing in cross 
section the scanning apparatus shoWn in FIG. 2; 
[0015] FIG. 4 is a schematic diagram for explaining one 
aspect of the variable focus distance lens assembly shoWn in 
FIG. 3; 
[0016] FIG. 5A is a schematic diagram shoWing in cross 
section lens elements in accordance With FIG. 3; 
[0017] FIG. 5B is a schematic diagram shoWing in cross 
section lens elements in accordance With FIG. 3; 
[0018] FIG. 6 is a schematic diagram shoWing in cross 
section one embodiment of a focusing apparatus shoWn in 
FIG. 3; 
[0019] FIG. 7 is a schematic diagram shoWing in cross 
section a second embodiment of a focusing apparatus shoWn 
in FIG. 3; and 
[0020] FIG. 8 is a schematic diagram shoWing in cross 
section a third embodiment of a focusing apparatus shoWn in 
FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Lens assemblies that vary the focus distance of the 
lens have been developed to extend the Working range of a 
scanning apparatus. One such example is an electro-Wetting 
lens assembly, Wherein the curvature of the lens is varied 
depending on an applied voltage. Although an electro-Wetting 
lens can be useful and may be advantageous for certain appli 
cations, it suffers from draWbacks. 
[0022] One such problem noted With the design of electro 
Wetting lens is that the difference in the indices of refraction 
at the lens interface makes the system susceptible to aberra 
tions, for example spherical aberrations. Referring to FIG. 1 
of the draWings, a prior art electro-Wetting focusing apparatus 
10 is shoWn including a housing 12 in Which a ?rst ?uid 14, 



US 2010/0276493 A1 

shown in liquid droplet form, and a second ?uid 16 are 
arranged along an optical axis 18. The ?uids 14, 16 are light 
transmissive, immiscible, of different optical indices of 
refraction and of substantially the same density. The ?rst ?uid 
of drop 14 is constituted of an electrically insulating sub 
stance. In the prior art example, the ?rst ?uid 14 is oil having 
an index of refraction of about 1.45. The second ?uid 16 is 
constituted of an electrically conductive substance, namely 
Water loaded With salts and having an index of refraction of 
about 1.35. The housing 12 includes a dielectric Wall 20, 
preferably having a Well 22 in Which the drop 14 is accom 
modated in symmetrical relation relative to the axis 18. The 
Wall 20 normally has a loW Wetting characteristic compared to 
the drop 14, but a surface treatment insures a high Wetting 
characteristic and maintains a centered position of the drop 14 
and prevents the drop from spreading. The Well 22 further 
helps to prevent such spreading. 
[0023] A ?rst electrode 24 extends into the second ?uid 16, 
and a second electrode 26 is located beloW the Wall 20. The 
electrodes are connected to a voltage source V. The elec 
trodes, especially electrode 26, are preferably light-transmis 
sive. When a voltage is applied across the electrodes, an 
electrical ?eld is created Which alters the Wetting character 
istic of the Wall 20 With respect to the drop 14. The Wetting 
increases substantially in the presence of an electrical ?eld. 
With no voltage applied, the drop 14 takes the generally 
hemispherical shape shoWn in solid lines in FIG. 1, and its 
outer surface “A” is convex. When a voltage is applied, the 
Wetting of the dielectric Wall 20 increases, and the drop 14 
deforms and takes the shape shoWn in dashed lines in FIG. 1, 
and its outer surface “B” is more convex With a smaller radius 
of curvature. This deformation of the drop deforms the lens 
surface de?ned by the tWo ?uids 14 and 16, thereby changing 
the focus distance of the electro-Wetting focusing apparatus 
10. 
[0024] The difference in indices of refraction of the tWo 
?uids 14, 16 at the lens surface in?uences the paraxial focal 
length f according to the formula 

1 ~ nfluid14 _nfluid16 (1) 

(for an electro-Wetting lens in air With in?nitely thin bound 
ary betWeen the ?uids and air), Where n?m-d 14 is the index of 
refraction for the ?rst ?uid 14, n?uid 16 is the index of refrac 
tion for the second ?uid 16, and R is the radius of curvature of 
the lens. As stated above, in one example the index of refrac 
tion for the ?rst ?uid 14 is about 1.45, the index of refraction 
for the second ?uid 16 is about 1.35, and the radius of the lens 
is 10.08 millimeters. The resulting focal length is 100.8 mil 
limeters. 
[0025] The focal length of the electro-Wetting focusing 
apparatus 10 is changed by modifying the radius of curvature 
at the boundary betWeen the ?rst ?uid 14 and the second ?uid 
16. One problem noted With the electro-Wetting lens con?gu 
ration is that the longitudinal spherical aberration is relatively 
large for a desired focal length as compared to an equal focal 
length using a simple plano-convex optical system in air. This 
is so because the difference in index of refraction over the 
variable boundary (e.g., A or B in FIG. 1) is small, approxi 
mately 0.1, and a smaller radius of curvature is required to 
effect a desired focal length than Would be required if the 
index of refraction difference Were larger, for example if one 
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of the materials Were air (n:1.00). Because the radius of 
curvature is smaller, it can be further shoWn that the spherical 
aberration Will be larger. In one example, an electro-Wetting 
focusing apparatus 10 With a focal length of approximately 
100 millimeters, a lens radius of 10.08 millimeters, and a 
beam radius of 1 millimeter has a calculated longitudinal 
spherical aberration of approximately 0.58 millimeters. In 
this example, the longitudinal spherical aberration is calcu 
lated as the difference betWeen the ray crossing distances for 
a marginal ray height of 0.0 and 1.0 millimeters. In contrast, 
a simple plano-convex optical system having the ?rst ?uid 
being air With an index of refraction of 1.0, the same focal 
length (100 millimeters), the same index of refraction for the 
second ?uid (1.45), and a lens radius of 45 millimeters, has a 
calculated longitudinal spherical aberration of approximately 
0.05 millimeters. As can be seen in this example, the electro 
Wetting focusing apparatus 10 generates longitudinal spheri 
cal aberrations approximately one order of magnitude greater 
than a simple plano-convex optical system. 
[0026] In the electro-Wetting lens example, as voltage is 
applied the radius of curvature R decreases, and in accor 
dance With the above formula the focal length decreases. As 
the radius of curvature becomes smaller to extend the range of 
focus distances, optical aberrations become more pro 
nounced. The aberrations must be corrected by additional 
lens elements, software corrections, or both. In some 
instances, the aberrations may not be correctable. 

[0027] The inventors of the present invention have deter 
mined that the problems associated With optical aberrations 
arising from a small radius of curvature may be mitigated by 
selecting lens materials and surrounding components With 
indices of refraction that are of su?icient difference so as 
require far less deformation of the deformable lens element to 
achieve a proportional range of focus variation. This realiZa 
tion prompted the inventors to devise a novel structure for a 
scanning apparatus that captures the advantages of less aber 
ration While also providing fast response, loW input poWer, a 
greater range of focus variation, and a simpler construction. 
[0028] A possible construction is as folloWs. Referring to 
FIG. 2 of the draWings, a perspective vieW of a scanning 
apparatus 100 is shoWn for use in accordance With the present 
invention. The scanning apparatus 100 in the illustrated 
example is a hand-held reader including an electro-optical 
system for reading encoded symbol characters of a symbol 
ogy, for example bar codes. 
[0029] As used herein, “encoded symbol character” is 
intended to denote a representation of a unit of information in 
a message, such as the representation in a bar code symbology 
of a single alphanumeric character. One or more encoded 
symbol characters can be used to convey information, such as 
the identi?cation of the source and the model of a product, for 
example in a UPC bar code that comprises tWelve encoded 
symbol characters representing numerical digits. Also, an 
encoded symbol character may be a non-alphanumeric char 
acter that has an agreed upon conventional meaning, such as 
the elements comprising bars and spaces that are used to 
denote the start, the end, and the center of a UPC bar code. 
The bars and spaces used to encode a character as an encoded 
symbol are referred to generally as “elements.” For example, 
an encoded character in a UPC symbol consists of four ele 
ments, tWo bars, and tWo spaces. Similarly, encoded symbol 
characters can be de?ned for other bar code symbologies, 
such as other one-dimensional (“l-D”) bar code systems 
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including Code 39 and Code 128, or for stacked tWo-dimen 
sional (“2-D”) bar code systems including PDF417. 
[0030] The scanning apparatus 100 includes a variable 
focus distance lens assembly 110 for focusing a laser beam 
112, as Will be described in detail beloW. The scanning appa 
ratus 100 further includes a housing 114 Which, in one 
example, may have a pistol grip handle 116 and a trigger 118. 
Pressing the trigger 118 activates the laser beam 112 and 
alloWs the variable focus distance lens assembly 110 to focus 
a beam on the symbol character. The scanning apparatus 100 
may further include a data cable 120 to transfer data from the 

scanning apparatus to a host computer (not shoWn). 
[0031] Referring to FIG. 3 of the draWings, a schematic 
vieW of the scanning apparatus 100 is shoWn. The scanning 
apparatus 100 includes a laser source 122 mounted securely 
to the housing 114 and aligned so as to emit the laser beam 
112 along an optical path, or axis 124, to illuminate a target 
126. The laser source 122 may be a laser diode, for example. 
The scanning apparatus 100 further includes a scanning mir 
ror 128 disposed Within the optical path. In the disclosed 
embodiment, the scanning mirror 128 is positioned Within the 
housing 114 after the variable focus distance lens assembly 
110. The scanning mirror 128 re?ects the emitted beam 112 
incident thereon and directs it toWards the target 126. Further, 
the scanning mirror 128 oscillates at a pre-determined fre 
quency to sWeep the beam 112 over the target 126 according 
to a pre-described scan pattern. The scan pattern may be along 
a line transverse to the plane of the target, eg a side-to-side 
motion. In some instances, an orthogonal scanning mecha 
nism is added to alloW raster scanning. The oscillation motion 
of the scanning mirror 128 may be driven by a motor 130. 

[0032] A collimating lens 132 may be disposed along the 
axis 124 betWeen the laser source 122 and the variable focus 
distance lens assembly 110 to produce near parallel beams of 
light. In the disclosed example, the collimating lens 132 is 
disposed betWeen the laser source 122 and the scanning mir 
ror 128, but the lens 132 may be placed at any advantageous 
location along the axis 124. In one embodiment, the collimat 
ing lens 132 is included as part of the assembly of the laser 
source 122. The collimating lens 132 is chosen by the manu 
facturer of the scanning apparatus 100 according to the par 
ticular requirements of the design. 
[0033] The laser beam 112 passes through the variable 
focus distance lens assembly 110 striking the target 126 at an 
object distance d. The laser beam Waist, denoted by W0, 
indicates the location of the minimum beam diameter. The 
Waist W0 is positioned preferably near the object distance d in 
order for the scanning apparatus 100 to properly decode the 
symbol pattern. 
[0034] In the illustrated example the target 126 includes a 
plurality of encoded symbol characters 134, Which in one 
example is a 1-D bar code. Laser light illuminating the sym 
bol characters 134 is scattered from areas of light and dark 
bands. The scanning apparatus 100 can generate an electrical 
signal 136 representing the re?ectance pattern of the bar code 
for each scan. In the disclosed embodiment, a detector 138, 
such as a photodiode, is secured to the scanning apparatus 100 
and detects the scattered light of varying intensity and con 
verts it to the electrical signal 136. The electrical signal 136, 
after appropriate ampli?cation and digitiZation, is passed to a 
controller 140 to be decoded. The controller 140 can process 
the electrical signal 136 to identify patterns of light and dark 
cells, and can determine symbol characters 134 or character 
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strings corresponding to identical patterns by comparing 
them to pre-stored information, such as information stored in 
a lookup table. 

[0035] In one example, the scanning apparatus 100 oper 
ates in an open-loop cycle, meaning the controller receives no 
feedback as to Where the beam Waist is relative to the target 
126. When the scanning apparatus 100 is activated, such as 
When an operator depresses the trigger 118, the scanning 
apparatus 100 captures a ?rst signal With the variable focus 
distance lens assembly set to a ?rst focus distance. If the 
signal cannot be decoded, the controller 140 may command 
the variable focus distance lens assembly 110 to change the 
focus distance of the beam 112 and capture a second signal 
With the lens assembly set to a second focus distance. If the 
signal still cannot be decoded, the controller 140 may auto 
matically command the variable focus distance lens assembly 
110 to sequentially change the focus distance of the beam 112 
until a successful decode is achieved. Of course, it is possible 
that the controller 140 is able to properly decode the signal 
after the ?rst signal 136 is received. In this event, the control 
ler utiliZes only the ?rst signal for attempting to decode the 
target 126. 
[0036] In another example, the scanning apparatus is opera 
tive so that the variable focus distance lens assembly 110 
sWitches betWeen the ?rst focus distance and the second focus 
distance responsive to a command or set of commands input 
by an operator. For example, the operator may depress the 
trigger 118 and the controller 140 attempts to decode the ?rst 
signal captured. If unsuccessful, the operator may manually 
adjust the distance to the target 126, such as by moving the 
scanning apparatus 100 closer, and depress the trigger 118 a 
second time to capture a second signal. The controller 140 
attempts to decode the second signal and, if unsuccessful, the 
process may be repeated until a successful decode is 
achieved. 
[0037] The variable focus distance lens assembly 110 of the 
present invention is adapted to vary the focus distance of the 
beam 112 by changing an optical characteristic of the deform 
able lens element, such as the radius of curvature of the 
deformable surface of the lens. Referring to FIG. 4 of the 
draWings, the lens assembly 110 is schematically shoWn as 
having a minimum and maximum plane of nominal focus, or 
focus distance, designated by Lmin and Lmax repectively, 
Which also corresponds to the position of the beam Waist 
along the optical axis 124. The Working range of the lens 
assembly 110, that is, the difference betWeen the minimum 
and maximum focus distance, is denoted by R. 
[0038] As mentioned above, the scanning apparatus 100 
includes the variable focus distance lens assembly 110 for 
focusing a beam on the target 126.As shoWn in FIG. 5A of the 
draWings, the variable focus distance lens assembly 110 
includes at least one focusing apparatus 210. As shoWn in 
FIG. 5B, the variable focus distance lens assembly 110 may 
further include a plano-concave lens 144, a correcting bicon 
vex lens 146, or other lens elements to suit the particular 
needs of the scanning apparatus 100, such as lens elements to 
correct spherical aberration. In some examples, the variable 
focus distance lens assembly 110 may include a plurality of 
focusing apparatuses 210. In general, the focusing apparatus 
210 may include a deformable surface in optical communi 
cation With the beam 112. The deformable surface can act as 
a focusing lens, Wherein an actuator 148 (FIG. 6) acts upon 
the deformable surface to vary the curvature of the lens, 
thereby varying the focal length. In this manner, the object 
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distance of the scanning apparatus 100 may be varied Without 
resorting to moving a ?xed lens along the axis 124. As 
referred to herein, object distance means the distance from the 
housing 114 to the target 126. 
[0039] Referring to FIG. 6 of the draWings, one embodi 
ment of the focusing apparatus 210 is schematically shoWn to 
include a deformable lens element 142, an actuator 148, a 
housing 158, and a push ring 168. The deformable lens ele 
ment 142 includes a deformable surface 156, a spacer 152, 
and a transparent cover 154. In the illustrated example, the 
deformable surface 156 comprises a thin, nonporous, opti 
cally clear elastomer membrane material such as SYLGARD 
184 silicon elastomer, of the type available from DOW 
CORNING, having an index of refraction of approximately 
1.43. The cover 154 may be provided by a piece of non 
deforrnable glass. The cover 154 may be ?at as shoWn, or 
curved to provide optical poWer. The housing 158 encapsu 
lates the deformable lens element 142, the actuator 148, and 
the push ring 168. 
[0040] In another embodiment, a focusing apparatus 210 
for use in scanning apparatus 100 may also be provided in 
accordance With focusing technologies described in US. 
patent application Ser. No. [not yet available, attorney docket 
number H0019748], entitled “FLUID LENS ELEMENT 
FOR USE IN CHANGING THERMAL OPERATING 
ENVIRONMENT” ?led concurrently hereWith, Which is 
incorporated herein by reference in its entirety. 
[0041] Various actuators can be utiliZed With the present 
invention. The actuator 148 illustrated in FIG. 6 is an ion 
conductive electro -active polymer (EAP) actuator. The actua 
tor 148 includes a ?rst conductor element 16011, a second 
conductor element 160b, and a deformable element 162 com 
prising a plurality of tab-like elements 164 interposed 
betWeen the ?rst conductor element 160a and second conduc 
tor element 16019. First conductor element 160a includes an 
electrical contact (hidden from vieW in FIG. 6) and second 
conductor element 160!) also includes an electrical contact 
166. Deformable element 162 can comprise one or more 
layers of conductive polymer material such that tab-like ele 
ments 164 bend generally in the direction of axis 124 toWard 
the deformable lens element 142 responsive to an electrical 
signal being applied to conductor elements 160a and 16019. 
Push ring 168 applies an external force to deformable surface 
156 responsive to the movement of the tab-like elements 164, 
thereby providing actuation for the deformable lens element 
142. 

[0042] The focusing apparatus 210 operates Within a range 
bounded by tWo extreme states. One extreme state is a “poWer 
off” state depicted in FIG. 7 Wherein tab-like elements 164 
bias the push ring 168 toWard the deformable surface 156. 
The other extreme state is a “poWer on” state (not shoWn) in 
Which tab-like elements 164 pull push ring 168 aWay from the 
deformable surface 156 so that the deformable surface 156 is 
alloWed to assume a generally ?at and non-convex con?gu 
ration. In the “poWer off” state, the deformable surface 156 
bulges to de?ne a convex lens surface, thereby changing an 
optical characteristic of focusing apparatus 210. The focusing 
apparatus 210 may operate in any state betWeen the tWo 
extremes. 

[0043] In another embodiment, the tab-like elements 164 
could be biased in an opposite manner to provide a convex 
(bulged) deformable surface 156 only When voltage is 
applied. At a “poWer off” state, the deformable surface 156 
assumes a generally ?at and non-convex con?guration. 
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[0044] In yet another embodiment, a focusing apparatus 
210 including the actuator for use in scanning apparatus 100 
may also be provided in accordance With focusing technolo 
gies described in US. patent application Ser. No. [not yet 
available, attorney docket no. H0023171], entitled “FOCUS 
ING APPARATUS AND TERMINAL COMPRISING 
VARIABLE FOCUS LENS ASSEMBLY” ?led concurrently 
hereWith, Which is incorporated herein by reference in its 
entirety. 
[0045] Referring to FIG. 7 of the draWings, the focusing 
apparatus 210 is schematically shoWn having an ion conduc 
tive electro-active polymer actuator Wherein the deformable 
surface 156 is in a deformed state. A cavity 170 bounded by 
the deformable surface 156, the spacer 152, and the cover 154 
may hold an optically clear focus ?uid. Selecting a focus ?uid 
With a relatively high index of refraction Will reduce the lens 
surface curvature change needed to obtain a given change in 
the distance to the plane of nominal focus. In one example, a 
suitable index of refraction Would be in the range from about 
1.4 to about 2.0. One example of a suitable focus ?uid (optical 
?uid) is SL-5267 OPTICAL FLUID, available from SAN 
TOLIGHT, refractive index:1.67. 
[0046] In another example (not shoWn in the draWings), the 
focusing apparatus 210 comprises a resiliently deformable, 
optically clear substance that retains its unstressed shape. For 
example, a silicon gel can be provided as the deformable 
shape-retaining material. In this manner, the deformable sur 
face 156 (e.g., membrane) and focus ?uid disposed in cavity 
170 may be replaced With the single material, silicon for 
example. The silicon deforms under the actuator load such 
that a deformable surface thereon acts as a lens, but the silicon 
returns to its original shape When the actuator load is 
removed. The resiliently deformable silicon gel can be dis 
posed in cavity 170 (or replace cavity 170) of any of the 
described embodiments. For manufacture of a suitable silicon 
gel for use as a deformable surface 156 described herein, 
liquid silicon can be ?lled into a container of the desired shape 
of completed gel member and then cured. In one example, the 
liquid silicon can be ?lled into a mold in the shape of cavity 
170 into Which the silicon gel member Will be disposed, and 
then cured until in silicon gel form. 
[0047] Turning noW to FIG. 8 of the draWings, Wherein like 
numerals indicate like elements of FIG. 7, a preferred focus 
ing apparatus 210 is schematically shoWn. In the illustrated 
example, the actuator 148 is a voice coil actuator. A housing 
258 de?nes a cylindrical outer Wall 172 and a cylindrical 
inner post 174 joined by a back plate 176. The inner post 174 
is holloW, forming a center bore 178 aligned With the optical 
axis 124, through Which the laser beam 112 passes. The 
housing 258 further de?nes an interior region 180 formed 
therein to capture and hold the voice coil components. Within 
the interior region 180, a permanent magnet 182 is secured to 
the inner diameter of the outer Wall 172. A sleeve 184 or ring 
having a Wire coil 186 ?oats Within the remaining interior 
region 180. The deformable surface 156, spacer 152, and 
cover 154 are secured to the inner diameter of the outer Wall 
172, as previously disclosed With reference to FIG. 7. A focus 
?uid having an index of refraction greater than 1.0 may be 
disposed in the cavity 170. 
[0048] In operation, an appropriate electric current is 
passed through the coil 186 and generates an electrical ?eld. 
The electric ?eld interacts With the magnetic ?eld induced by 
the permanent magnet 182 according to the LorentZ laW, 
imparting a driving force F at right angles to both the direction 
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of current and magnetic ?ux. In the disclosed embodiment, 
the force F is imparted in a direction substantially parallel 
With the axis 124, as shoWn by the arrow in FIG. 8. Further, to 
prevent plastic deformation and Wear to those portions of the 
deformable surface 156 that transmit the beam 112, the actua 
tor 148 of the present invention is adapted to impart the force 
F at a continuum of force impartation points formed in an area 
pattern offset from the axis 124. The force is imparted in an 
area pattern offset from the axis 124 because, otherWise, 
repeated cycling of the deformable surface 156 by a direct 
force Within the optical path may alter the optical character 
istics of the deformable surface 156 over time, Which is unde 
sirable. 

[0049] The amount of force F is directly proportional to the 
current passing through the coil 186. The force F causes the 
inner sleeve 184 to move in a direction along the axis 124 in 
the same direction as the propagation direction of the laser 
beam 112. The inner sleeve 184 presses the deformable sur 
face 156, causing a bulging of the deformable surface 156 in 
a manner to create a convex lens surface. In the embodiment 

shoWn, the deformable surface 156 is con?gured to deform 
along a direction opposite to the direction of the force F. In 
this manner, the convex surface of the deformable surface 156 
can be con?gured to take advantage of the difference in indi 
ces of refraction betWeen the deformable surface 156 and an 
adjacently disposed substance, as Will be explained in detail 
beloW. Due to the nature of voice coil design, extremely 
accurate movements can be achieved in very small time peri 
ods, alloWing variable focus distance lens assembly 110 to be 
regulated With great precision. 
[0050] Referring noW back to FIGS. 2, 3, and 8, the con 
troller 140 is further adapted to actuate the actuator 148 to 
vary a lens setting, thereby establishing a focus distance d to 
the target 126. In one embodiment, the controller 140 con 
tains pre-stored instructions to vary the electrical current sup 
plied to the voice coil actuator 148, and the instructions are 
transmitted along signal path 188. Upon a start event such as 
pulling the trigger 118, the current may be varied to the 
actuator 148 from a Zero value to a pre-determined maximum 
value at pre-set time intervals. As the current varies, the focus 
distance of the variable focus distance lens assembly 110 
continues to change until a successful decode is achieved. 

[0051] In another embodiment, a focusing apparatus 210 
for use in scanning apparatus 100 may also be provided in 
accordance With focusing and decoding technologies 
described in Us. patent application Ser. No. [not yet avail 
able, attorney docket no. H0021332], entitled “LASER 
SCANNER WITH IMPROVED DECODING” ?led concur 
rently hereWith, Which is incorporated herein by reference in 
its entirety. 
[0052] With reference to the construction of the scanning 
apparatus 100 shoWn in FIG. 8, the deformable surface 156 in 
one example is a membrane comprising SYLGARD 184 
having an index of refraction of approximately 1.43. The 
cavity 170 may be ?lled With an optically clear ?uid having an 
index of refraction that is the same or different from the 
membrane. In the example cited here, the index of the ?uid is 
1.67. HoWever, since the deformable membrane is very thin, 
its effect on the optical properties of the lens system can be 
neglected to a ?rst order approximation. The deformable 
membrane, Which forms the lens, is bounded by air on one 
side of the lens, the air having an index of refraction of 1.0. 
Thus, the focus apparatus 210 de?nes an index of refraction 
difference With an index of refraction of an adjacently dis 

Nov. 4, 2010 

posed substance. In the disclosed example, the index of 
refraction difference is 0.67 (1.67—1.00). This difference is 
signi?cantly greater than the index of refraction difference for 
the electro-Wetting lens assembly, Which has a value of 0.1. 
The bene?t of the greater index of refraction difference is that, 
in the disclosed example, the deformable surface 156 needs 
considerably less deformation to achieve the same change in 
focus distance as the electro-Wetting lens assembly. 
[0053] To exemplify further, reference is noW made to FIG. 
7 of the draWings Wherein the focusing apparatus 210 
includes tWo optical elements, namely a membrane having a 
deformable surface 156 and a focus ?uid. The construction of 
the focusing apparatus 210 includes the deformable surface 
156 (e.g., membrane) having an index of refraction of 1.43, 
and the focus ?uid having an index of refraction of 1.67. Note 
that the air in front of the deformable surface 156 has an index 
of refraction of 1.00. Therefore, the focusing apparatus 210 
provides an index of refraction difference of 0.43 betWeen the 
deformable surface 156 and the adj acently disposed air 
(1.43-1.00), and an index of refraction difference of 0.24 
betWeen the focus ?uid and the adjacently disposed mem 
brane (1 .67-1 .43). The combination alloWs lens designers 
anotherpossible tool With Which to optimiZe the lenses for the 
particular application, such as utiliZing the membrane to cor 
rect for aberrations in the beam 112 entering the variable 
focus distance lens assembly 110. 
[0054] One advantage of the present scanning apparatus 
100 is that a very small change to the deformable surface 156 
of the focusing apparatus 210 Will result in a signi?cant 
change in the distance to the plane of nominal focus (L), that 
is the distance to the beam Waist WO of FIG. 3. This advantage 
may be attributed to the fact that the deformable surface 156 
is deformed only a small amount, Which reduces the intro 
duction of optical aberrations. Thus, the scanning apparatus 
100 may be useful in decoding signals that are very close or 
quite far aWay from the user. In one exemplary con?guration, 
the actuator 148 applies a small force fl to the deformable lens 
element 110. This small force could be a “Zeroing out” force 
representing an initialiZation or calibration state, or the small 
force could be Zero. Accordingly, the deformable surface 156 
deforms slightly (or not at all) resulting in a ?rst distance to 
the plane of nominal focus Lmax of approximately 40 inches 
(1.02 meters). Next, the actuator 148 applies a greater force f2 
to the deformable lens element 142 resulting in further defor 
mation of the deformable surface 156. The resulting second 
distance to the plane of nominal focus Lml-n is approximately 
3 inches (0.076 meters), as is common in many barcode 
scanning applications. As can be seen, for small changes in 
force applied to the deformable lens element 142, a relatively 
large Working range R can be achieved. In fact, based upon 
test results, a range of distances to the plane of nominal focus 
has been achieved that ranges from about 40 inches to about 
3 inches With a single variable focus distance lens assembly 
110. 

[0055] Another advantage is that the focusing apparatus 
210 requires a much smaller radius change than that required 
of a typical electro-Wetting focusing apparatus to achieve the 
same focus distance change, thereby signi?cantly reducing 
aberrations induced by a small radius of curvature. 

[0056] Another advantage of the scanning apparatus 100 is 
that the focus ?uid, if present, is ?uidly isolated from the 
actuator 148. In a typical electro-Wetting lens assembly, at 
least one electrode is disposed in a salt solution. In the electro 
Wetting focusing apparatus 10 described With reference to 
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FIG. 1, the ?rst electrode 24 is disposed in the second ?uid 16, 
disclosed as a Water solution laden With salts. The presence of 
an electrical charge in the salt-laden ?uid could lead to ion 
transport and eventual degradation of the electrode. The 
structure of the present invention avoids these problems 
because any electrical potential, such as that utiliZed With the 
voice coil actuator of FIG. 7, is isolated from any ionic ?uids. 
[0057] A small sample of systems methods and apparatus 
that are described herein is as folloWs: 
[0058] Al. An scanning apparatus comprising: 
[0059] a laser source adapted to emit a beam along an axis 
and illuminate a target; 
[0060] a scanning mirror disposed intermediate the laser 
source and the target, the scanning mirror adapted to de?ect 
the beam emitted from the laser source so that the beam scans 
across the target according to a scan pattern; 
[0061] a focusing apparatus comprising an actuator and a 
deformable lens element, said deformable lens element being 
in optical communication With the laser source and having a 
deformable surface, at least part of Which transmits the beam, 
the actuator adapted to impart a force to the deformable 
surface, the force being in a ?rst direction substantially par 
allel With the axis; 
[0062] a detector adapted to receive light of varying inten 
sities scattered from the target and convert the light into a 
signal; and 
[0063] a controller operatively associated With the detector 
for receiving the signal from the detector and decoding the 
signal, and further operatively associated With the focusing 
apparatus for actuating the actuator to vary a lens setting, the 
lens setting establishing a focus distance to the target; 
[0064] Wherein the scanning apparatus is operative to cap 
ture a ?rst signal With the focusing apparatus set to a ?rst 
focus distance, 
[0065] Wherein the scanning apparatus is operative to cap 
ture a second signal With the focusing apparatus set to a 
second focus distance, 
[0066] Wherein the scanning apparatus is further operable 
so that the controller utiliZes each of the ?rst signal and the 
second signal for attempting to decode the target. 
[0067] A2. scanning apparatus of claim Al Wherein the 

scanning apparatus is operative so that the focusing appa 
ratus sWitches betWeen the ?rst focus distance and the 
second focus distance responsive to a command or set of 
commands input by an operator. 

[0068] A3. The scanning apparatus of claimAl Wherein the 
scanning apparatus is operative so that the focusing appa 
ratus automatically varies the focus distance betWeen the 
?rst focus distance and the second focus distance respon 
sive to an attempt to decode being activated by an operator. 

[0069] A4. The scanning apparatus of claimAl Wherein the 
actuator imparts the force at a continuum of force impar 
tation points formed in an area pattern about the axis. 

[0070] A5. The scanning apparatus of claimAl Wherein the 
actuator is a voice coil actuator comprising a magnet and a 
Wire coil, Wherein one of the magnet and the Wire coil is 
adapted to move in a direction parallel to the axis respon 
sive to an electrical current being applied to the coil, 
thereby imparting the force to the deformable surface. 

[0071] A6. The scanning apparatus of claimAl Wherein the 
deformable surface is con?gured to deform along a second 
direction, opposite the ?rst direction. 

[0072] A7. The scanning apparatus of claim Al further 
comprising a housing adapted to secure the deformable 
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lens element therein, the deformable lens element compris 
ing a deformable membrane and an end plate, Wherein a 
cavity de?ned by the housing, the deformable membrane, 
and the end plate is adapted to hold a focus ?uid. 

[0073] A8. The scanning apparatus of claimA7 Wherein the 
focus ?uid is ?uidly isolated from the actuator. 

[0074] B1 . A scanning apparatus comprising: 
[0075] a laser source adapted to emit a beam along an axis 
and illuminate a target; 
[0076] a de?ecting mirror disposed intermediate the laser 
source and the target, the de?ecting mirror adapted to de?ect 
the beam emitted from the laser source and direct the beam to 
the target; 
[0077] a focusing apparatus comprising an actuator and a 
deformable lens element in optical communication With the 
laser source and having a deformable surface, at least part of 
Which transmits the beam, the focusing apparatus adapted to 
vary a focus distance betWeen a minimum focus distance and 
a maximum focus distance Wherein a distance betWeen the 
minimum and the maximum is greater than one foot, the 
actuator adapted to impart a force to the deformable surface, 
the force being in a ?rst direction substantially parallel With 
the axis; 
[0078] a detector adapted to receive light of varying inten 
sities scattered from the target and further adapted to convert 
the light into a signal; and 
[0079] a controller operatively associated With the focusing 
apparatus for actuating the actuator. 
[0080] B2. The scanning apparatus of claim Bl Wherein the 

distance betWeen the minimum focus distance and the 
maximum focus distance is greater than eight feet. 

[0081] B3. The scanning apparatus of claim B2 Wherein the 
distance betWeen the minimum focus distance and the 
maximum focus distance is greater than thirty feet. 

[0082] B4. The scanning apparatus of claim Bl Wherein the 
actuator imparts the force at a continuum of force impar 
tation points formed in an area pattern about the axis. 

[0083] B5. The scanning apparatus of claim Bl Wherein the 
deformable surface is con?gured to deform along a second 
direction, opposite the ?rst direction. 

[0084] C1 . A scanning apparatus comprising: 
[0085] a laser source adapted to emit a beam along an axis 
and illuminate a target; 
[0086] a scanning mirror disposed intermediate the laser 
source and the target, the scanning mirror adapted to de?ect 
the beam emitted from the laser source so that the beam scans 
across the target according to a scan pattern; 

[0087] a focusing apparatus comprising a deformable lens 
element in optical communication With the laser source and 
having a deformable surface, at least part of Which transmits 
the beam, the deformable lens element de?ning an index of 
refraction difference With an index of refraction of an adja 
cently disposed substance, the index of refraction difference 
being greater than 0.30; 
[0088] a detector adapted to receive light of varying inten 
sities scattered from the target and convert the light into a 
signal; and 
[0089] a controller operatively associated With the detector 
for receiving the signal from the detector and decoding the 
signal, and further operatively associated With the variable 
focus distance lens assembly for actuating the actuator to vary 
a lens setting, the lens setting establishing a focus distance to 
the target. 
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[0090] C2. The scanning apparatus of claim C1 wherein the 
adjacently disposed substance is air. 

[0091] C3. The scanning apparatus of claim C1 Wherein the 
index of refraction difference is greater than 0.40. 

[0092] C4. The scanning apparatus of claim C1 Wherein the 
lens element comprises a membrane and a deformable lens 
element. 

[0093] C5. The scanning apparatus of claim C4 Wherein the 
deformable lens element is a focus ?uid. 

[0094] C6. The scanning apparatus of claim C5 Wherein the 
focus ?uid has an index of refraction greater than 1.40. 

[0095] C7. The scanning apparatus of claim C4 Wherein the 
deformable lens element is a gel. 

[0096] C8. The scanning apparatus of claim C4 Wherein the 
index of refraction difference is betWeen the membrane 
and the deformable lens element. 

[0097] While the present invention has been described With 
reference to a number of speci?c embodiments, it Will be 
understood that the true spirit and scope of the invention 
should be determined only With respect to claims that can be 
supported by the present speci?cation. Further, While in 
numerous cases herein Wherein systems and apparatuses and 
methods are described as having a certain number of elements 
it Will be understood that such systems, apparatuses and 
methods can be practiced With feWer than the mentioned 
certain number of elements. Also, While a number of particu 
lar embodiments have been described, it Will be understood 
that features and aspects that have been described With refer 
ence to each particular embodiment can be used With each 
remaining particularly described embodiment. 

1. A scanning apparatus comprising: 
a laser source adapted to emit a beam along an axis and 

illuminate a target; 
a scanning mirror disposed intermediate the laser source 

and the target, the scanning mirror adapted to de?ect the 
beam emitted from the laser source so that the beam 
scans across the target according to a scan pattern; 

a focusing apparatus comprising an actuator and a deform 
able lens element, said deformable lens element being in 
optical communication With the laser source and having 
a deformable surface, at least part of Which transmits the 
beam, the actuator adapted to impart a force to the 
deformable surface, the force being in a ?rst direction 
substantially parallel With the axis; 

a detector adapted to receive light of varying intensities 
scattered from the target and convert the light into a 
signal; and 

a controller operatively associated With the detector for 
receiving the signal from the detector and decoding the 
signal, and further operatively associated With the focus 
ing apparatus for actuating the actuator to vary a lens 
setting, the lens setting establishing a focus distance to 
the target; 

Wherein the scanning apparatus is operative to capture a 
?rst signal With the focusing apparatus set to a ?rst focus 
distance; 

Wherein the scanning apparatus is operative to capture a 
second signal With the focusing apparatus set to a second 
focus distance; 

Wherein the scanning apparatus is further operable so that 
the controller utiliZes each of the ?rst signal and the 
second signal for attempting to decode the target. 

2. The scanning apparatus of claim 1, Wherein the scanning 
apparatus is operative so that the focusing apparatus sWitches 
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betWeen the ?rst focus distance and the second focus distance 
responsive to a command or set of commands input by an 
operator. 

3. The scanning apparatus of claim 1, Wherein the scanning 
apparatus is operative so that the focusing apparatus auto 
matically varies the focus distance betWeen the ?rst focus 
distance and the second focus distance responsive to an 
attempt to decode being activated by an operator. 

4. The scanning apparatus of claim 1, Wherein the actuator 
imparts the force at a continuum of force impartation points 
formed in an area pattern about the axis. 

5. The scanning apparatus of claim 1, Wherein the actuator 
is a voice coil actuator comprising a magnet and a Wire coil, 
the magnet or Wire coil, the magnet or Wire coil adapted to 
move in a direction parallel to the axis responsive to an 
electrical current being applied to the coil, thereby imparting 
the force to the deformable surface. 

6. The scanning apparatus of claim 1, Wherein the deform 
able surface is con?gured to deform along a second direction, 
opposite the ?rst direction. 

7. The scanning apparatus of claim 1, further comprising a 
housing adapted to secure the deformable lens element 
therein, the deformable lens element comprising a deform 
able membrane and an end plate, Wherein a cavity de?ned by 
the housing, the deformable membrane, and the end plate is 
adapted to hold a focus ?uid. 

8. The scanning apparatus of claim 7, Wherein the focus 
?uid is ?uidly isolated from the actuator. 

9. A scanning apparatus comprising: 
a laser source adapted to emit a beam along an axis and 

illuminate a target; 
a de?ecting mirror disposed intermediate the laser source 

and the target, the de?ecting mirror adapted to de?ect 
the beam emitted from the laser source and direct the 
beam to the target; 

a focusing apparatus comprising an actuator and a deform 
able lens element in optical communication With the 
laser source and having a deformable surface, at least 
part of Which transmits the beam, the focusing apparatus 
adapted to vary a focus distance betWeen a minimum 
focus distance and a maximum focus distance Wherein a 
distance betWeen the minimum focus distance and the 
maximum focus distance is greater than one foot, the 
actuator adapted to impart a force to the deformable 
surface, the force being in a ?rst direction substantially 
parallel With the axis; 

a detector adapted to receive light of varying intensities 
scattered from the target and further adapted to convert 
the light into a signal; and 

a controller operatively associated With the focusing appa 
ratus for actuating the actuator. 

10. The scanning apparatus of claim 9, Wherein the dis 
tance betWeen the minimum focus distance and the maximum 
focus distance is greater than eight feet. 

11. The scanning apparatus of claim 10, Wherein the dis 
tance betWeen the minimum focus distance and the maximum 
focus distance is greater than thirty feet. 

12. The scanning apparatus of claim 9, Wherein the actuator 
imparts the force at a continuum of force impartation points 
formed in an area pattern about the axis. 

13. The scanning apparatus of claim 9, Wherein the deform 
able surface is con?gured to deform along a second direction, 
opposite the ?rst direction. 
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14. A scanning apparatus comprising: 
a laser source adapted to emit a beam along an axis and 

illuminate a target; 
a scanning mirror disposed intermediate the laser source 

and the target, the scanning mirror adapted to de?ect the 
beam emitted from the laser source so that the beam 
scans across the target according to a scan pattern; 

a focusing apparatus comprising a deformable lens ele 
ment in optical communication With the laser source and 
having a deformable surface, at least part of Which trans 
mits the beam, the deformable lens element de?ning an 
index of refraction difference With an index of refraction 
of an adj acently disposed substance, the index of refrac 
tion difference being greater than 0.30; 

a detector adapted to receive light of varying intensities 
scattered from the target and convert the light into a 
signal; and 

a controller operatively associated With the detector for 
receiving the signal from the detector and decoding the 
signal, and further operatively associated With the vari 
able focus distance lens assembly for actuating the 
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actuator to vary a lens setting, the lens setting establish 
ing a focus distance to the target. 

15. The scanning apparatus of claim 14, Wherein the adja 
cently disposed substance is air. 

16. The scanning apparatus of claim 14, Wherein the index 
of refraction difference is greater than 0.40. 

17. The scanning apparatus of claim 14, Wherein the lens 
element comprises a membrane and a deformable lens ele 
ment. 

18. The scanning apparatus of claim 17, Wherein the 
deformable lens element is a focus ?uid. 

19. The scanning apparatus of claim 18, Wherein the focus 
?uid has an index of refraction greater than 1.40. 

20. The scanning apparatus of claim 17, Wherein the 
deformable lens element is a gel. 

21. The scanning apparatus of claim 17, Wherein the index 
of refraction difference is betWeen the index of refraction of 
the membrane and the index of refraction of the deformable 
lens element. 


